The steam pipe line (SPL) and steam line material, along with its welded joints, subject to damage that accumulates during operation in coal power plants. As a result of thermal fatigue, dilatation of SPL at an operating temperature may lead to cracks initiation at the critical zones within heat affected zone (HAZ) of steam pipe line welded joints. By registration of thermal cycle during welding and subsequent HAZ simulation is possible to obtain target microstructure. For the simulation is chosen heat resisting steel, 12H1MF (designation 13CrMo44 according to DIN standard). From the viewpoint of mechanical properties, special attention is on impact toughness mostly because very small number of available references. After simulation of single run and multi run welding test on instrumented Charpy pendulum. Metallographic and fractographic analysis is also performed, on simulated 12H1MF steel from service and new, unused steel. The results and correlation between microstructure and impact toughness is discussed, too.
corresponds to the desired critical area. The critical area of HAZ is usually coarse grain zone, and simulation enables the exact identification of fundamental mechanical properties [14, 15] . Input parameters are performed via computer, and selection of the basic parameters can be determined from the calculation of the temperature field or by the using of appropriate equations to calculate ∆t 8/5 in the welding thermal cycle [16] . The origin of the parameters can be also experimental obtained, by measuring the thermal cycle with the thermocouples.
In order to obtain experimental values comparable with existing from literature (and each other), for testing was selected (and sampled steel) from exploitation (marked as old pipe -OP), and a new unused steel pipe (marked as new pipe -NP).
In both cases, the used steal was 12H1MF according to GOST 20072-74 , [17] . In both group of specimens, samples were cut from the tube diameter ∅245x22 mm. Basic data for OP group of specimens, taken from the coal power plant is the working temperature of 509 -520 o C, working pressure 130 bar and 230 start-up, with a total of 72,000 hours spent in service. 
Specimens for metallographic examination

Fig. 2 -Schematic presentation of specimens sampling from SPL tubes
In order to perform characterization of simulated specimens, the following tests were completed: 1. Examination of the chemical composition for each group of tubes; 2. Simulation of HAZ; 3. Hardness measurement in the zone -working part of the tube; 4. Examination of the impact energy with a instrumented Charpy pendulum SCHENCK TREBEL 300; 5. Metallographic examination close to the fracture site in the working part of the tube below the point, fig. 2 -hatched area; and, 6. Fractography examination of a breaking surface tubes with a scanning electron microscope (SEM) Phillips 515. The sequence of tests above is also the methodology and reliable determination of the tested impact toughness characteristics of the critical areas within the HAZ.
HAZ simulation parameters
Simulation of steel 12H1MF samples was performed on the simulator Smitweld LS1402, on the Welding Institute in Timisoara, Romania. A simulation of thermal cycles and thermal treatment was carried out for all these combinations of specimen groups, NP-L, NP-T, OP-L and the OP-T:
The constant heating rate until reaching the maximum temperature of the cycle -Pt for 10s; Cooling rate in the range of 800 -500 o C, according to the thickness of 22 mm, of the upper limit of T/t 8/5 = 30 o C/s which corresponds to t 8/5 = 10s;
The maximum temperature in the simulated cycle, in the case of a single run welding P t = 1350 o C (designation: single pass simulation -SPS); Maximum temperatures in the simulated cycle, in the case of a multi run welding P t = 1300 o C, 1200 o C, and 1000 o C (designation: multi pass simulation -MPS); and, Thermal treatment after conducted simulation of multi layer welding at 500 o C for 3 hours. After simulation of samples with dimensions 11 x 11 x 60 mm, standard Charpy specimens were made according to EN 10045-1, with the standard V notch.
Base material properties
The chemical composition of tested samples correspond with the standard requirements, tab. 1. The results of mechanical properties testing are presented in tab. 2. Obtained results are above minimal required values by standard GOST 20072/74 [17] .
Table 1. Chemical composition of 12H1MF prema GOST-u 20072/74
%C %Si %Mn %S %P %Cr %V %Mo %Cu %Ni 0,08-0,15 0,17-0,37 0,40-0,70 0,025 0,030 0,90-1,20 0,15-0,30 0,25-0,35 0,20 max. 0,30 max. 
Results
Hardness testing
Hardness measurement, HV5, was performed on the Charpy specimens according to standard EN ISO 6507-1:2005. The scheme of hardness measurement is shown in fig. 3 . The results of hardness measurements are shown in tab. 3. 
Tab. 3. The results of hardness measurements
HV5 Sample
Simulation of welding  1  2  3  4  5  SPS  321  303  306  280  283  NPL  MPS  317  313  303  303  303  SPS  293  321  286  299  298  NPT  MPS  272  276  257  280  280  SPS  243  232  252  232  232  OPL  MPS  164  172  175  106  146  SPS  220  241  199  232  241  OPT  MPS  220  210  202 210 210
Impact toughness (Charpy) testing
Examination of the impact energy was carried out on Charpy instrumented pendulum, with maximum impact energy of 300J. That made possible to determine not only the total, but also initiation and propagation energy of the tested material. Test results are shown in tabs. 4 -7: In fig. 4 , the typical force-time diagrams of samples, are presented. 
Tab. 4. The results of impact energy for the sample group NPL
The results of metallographic examination by light microscopy (LM)
The samples for metallographic examination are made from broken specimens after Charpy impact test. Reviewed places are schematically indicated in fig. 2 . Microstructure of samples NPL and OPL are shown in figs. 5 and 6. As the initial microstructure and the microstructure after the simulations were identical on samples for testing both directions (L and T) groups, it will be shown only to characteristic microstructures. 
Discussion
Hardness measurements on the samples of NPL and OPL (tab. 3), shows that the measured values of hardness at the multi run welding are higher than on single run welding.
Based on the examination carried out in both groups of NP and OP specimens, it can be seen that the tubes sampled from the longitudinal direction have higher values of impact energy in comparison to the sampling tubes from the transversal direction. The elongated microstructure which would indicate that higher impact energy values in longitudinal direction, was not confirmed or found neither in the simulated HAZ nor in the base material. However, a significant amount of lamination caused by residual nonmetallic inclusions observed in figs 7, b), c) and e), indicate that there was a "lamination strengthening", since their great number is observed. The influence of inclusions on the overall energy impact is negative. However, in special cases, when a notch is perpendicular to the long axis of inclusions, comes to lamination effect or "lamination strengthening". Roughly explained, this straightening is primarily reflected in examination of ten connected samples of size 1x10mm instead of a homogeneous sample test with a cross-section dimension 10x10mm. As the lamination patterns become larger, a deformation of tube parts between the non-metallic inclusions are deformed to a greater extent under the plain stress condition. Apropos precisely described change of deformation, the total impact energy does not increase due to the present of non-metallic inclusions, only the transient temperature toughness shifts to lower temperatures [18, 19] .
As expected, the lower values of impact energy with a simulated tube welding cycle are quantitatively verified, in accordance with a literature. It was determined that there is a linear dependence between density (i.e. number) of pores in materials, and the energy that is absorbed during impact testing. Based on the value of impact strength, it was possible to show in this way that it can not only strengthen the fact regarding formation of micropores due to creep, but also to estimate the size of the volume in the unchanged structure. However, in the terms of industrial exploitation, the metal structure changes occurs with an accumulation of micro-pores, and the effects on reduction of impact strength is very difficult to separate [10] . Also, a great waste of steel from exploitation, (group OP), has been observed. This dissipation can be explained by the different proportion of ferrite on the grain boundaries, fine carbide network from sample to sample, and damages according to a sample result of scattering shown in figure 9 . Disparity in results, or greater dispersion, indicates entry into the area of transition temperature of toughness, which is typical for an extended time of exploration.
The microstructure, obtained by simulating multi run weld, corresponds to the expected. Particularly surprising fact is that the steel from exploitation, group OP, had more impact energy value after the multi layer simulation then unused steal from group NP. As the microstructures are very similar in both groups, the only possible explanation is that steal from OP group is not near the end of its working life, which is consistent with data on sampled pipes.
It is not uncommon that the microstructure obtained through simulation, on the total value of impact energy, has much greater impact with trace elements, which are rarely reveled with a standard classical titration volumetric analysis. In addition, it is known that the crack initiation does not occur on the interphase boundary between brittle and ductile phases. Brittle and ductile phases are not the only cause. Mixed microstructure in the simulated HAZ, the differences between the impact energy in the upper and lower bainite also affects strongly. In addition to these facts, it should have in mind that the package size has the biggest impact on the resilience of the upper bainite. [20, 21, 22] . However, considering the HAZ phenomenon in terms of inclusions, of particular interest is the fact that "pure" inclusion practically does not exist (e.g. sulphide type). Even in a small percentage of "alloying" inclusions by the alloying elements present, there is a significant change in physical properties of inclusions, primary the melting temperature. Thus, in the steel, with low content of manganese and sulfur, complete sulfur is dissolved at 1240 o C allowing re-deposition of sulphide from austenite [23] . This re-precipitation of MnS is largely responsible for the appearance of overheating. MnS particle size in this case is about 1µm, a distance between is about 2µm, and the separation occurs at the grain boundaries. The structure formed in this way is susceptible to breakage by the so-called grains pseudo-boundaries, or fracture (e.g. when examining impact energy) can occur at the borders of the former austenitic grain. In simulations of HAZ steel 2.25 Cr1Mo, this phenomenon has been observed already at achieving 1200 o C. Obviously this structure, especially from the standpoint of toughness, is very unfavorable and difficult to remove. By cycling temperature trough A C1 , which correspond multi layer welding, grain boundaries can be moved from this isolated, finely dispersed sulphide inclusions [24] . This is a re-allocation of highly dispersed non-metallic inclusions during the cooling, and after reaching the maximum cycle. As shown in fig. 8 b) , inclusions were dispersed in the former austenite grain boundaries. The intercrystal fracture has occurred precisely at these boundaries during the examination of the impact energy.
Conclusion
Based on analysis of test results in this study obtained by thermal cycling heat simulator we can conclude the following:
The study found that the difference between the impact energy simulation between single run welding and multi run welding was higher in the case of used materials such as group of OP samples, than in fresh material of the group NP. A higher impact energy values within a group in test tubes from the longitudinal than the transverse direction were detected. The presence of non-metallic inclusions is substantially affecting the character of fracture. The unstable fracture was also observed in OPL and NPL group samples, with relatively high values of impact energy and simulated multi run welding. A significant change of a fracture mechanism was observed in OPL group samples in references to exploitation steel simulation. In the simulation of the single layer welding almost entire absorbed energy is used on the crack initiation, while the propagation energy is quite small. In a simulation of multi run welding, most of the total absorbed energy is wasted on the propagation energy. It is possible to obtain an optimal impact energy values in multi run welding by changing the welding parameters for each cycle, without compromising other mechanical properties of HAZ.
